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3ENE THERAPY FOR CARDIOMYOPATHY 



The present invention relates to a method of gene therapy for 
treating myocardiopathy by noninvasive administration of an KGF 
(hepatocyte growth factor) gene and therapeutic agents used therefor. 
More specifically, the present invention relates to a method of gene 
therapv for treating myocardiopathy by noninvasive administration 
of an HGF gene into the cardiac muscle, e'specially to a method of 
gene therapy that more efficiently treats heart disease, such as 
cardiomyopathy, angina pectoris and heart failure, by injecting an 
HGF gene into the affected part of cardiac muscle under the usage 
of echo, and to therapeutic agents used therefor. Moreover, the 
present invention relates to a method o f gene therapy which is applicable 
to genes other than HGF genes and that consists of administering genes 
to the affected part of tissue noninvas ively under the usage of echo. 

Background Art 

In spite of the recent striking technical improvements in the 
medical field, many problems remain unsolved. The problem of 
myocardiopathy is one of the important unsolved subjects. 

Myocardiopathy is a general name for diseases attributable to 
organic and functional abnormalities of the cardiac muscle. For 
example, cardiomyopathy is classified into secondary cardiomyopathy, 
which occurs in seguence to hypertension, dysbolism, ischemic disease 
and such, and idiopathic cardiomyopathy (ICM) , which occurs without 
any distinct fundamental disease . Hypertrophic cardiomyopathy (HCM) 
is classified as an ICM, whose cause of disease is most revealed at 
the aenetic level . In half the numbers of patients with HCM, familial 
history following autosomal dominant heredity is recognized. 
Linkage analysis of such family lines, with multiple patients as tne 
ob-ect, revealed 5 causal loci so far and the causal gene itself is 
specified in 4 of them. 

Many cases of dilated cardiomyopathy (DCM) occur indepenaenr ly , 



but familial history :.s recognized -r. 23% of che cases. LmKage 
analysis of such family lines, wich multiple par^encs as che object, 
revealed 7 types of causal loci (causal genes are unknown) . 

Regardrng myocardiopathy , research is in progress ho specify 
causal gene and to reveal the mechanism underlying the stare of disease . 
So far, no concrete action for gene therapy has been done. 

On the other hand , the rapid progress lately in molecular biology 
has made it possible to activate cellular function by gene transfer 
methods and various attempts have been miade . In particular, there 
are some reports for gene trans fer methods to the heart , like intravenous 
drip (J.Clin. Invest. , 90, 6 2 6-630(1992)), direct injection 
(Circulation, 82, 2217-2221 ( 1 9 9 0 ) ; Circulation, 90, 2414-2 42 4 (1994) ) 
or coronary diffusional infusion method that utilizes the plasmid 
as it is (J.Thorac.Carduivasc.Surg. , 109, 716-720(1995)) and so on, 
but were far from noninvasive concrete treatment. 

Disclosure of the Invention 

The obj ect of this invention is to provide a noninvasive treatment 
for myocardiopathy, for which effective treatment is currently unknown , 
and therapeutic agents used therefor . That is , the present invention 
relates to a method of gene therapy for treating myocardiopathy by 
noninvasive administration of an HGF gene and therapeutic agents used 
therefor. More specifically, the present invention relates to a 
method of gene therapy for treating myocardiopathy by noninvasive 
administration of an HGF gene into the cardiac muscle, especially 
to a method of gene therapy for treating myocardiopathy that more 
efficiently treat a heart disease, such as cardiomyopathy, angina 
pectoris and heart failure, by injecting an HGF gene to the affected 
part of cardiac muscle under the usage of echo, and to therapeutic 
agents used therefor. Moreover, the present invention relates to 
a method of gene therapy which is applicable to genes other than HGF 
genes and that consists of administering genes to the part of affected 
tissue noninvasively under the usage of echo. 

Present invennors investigated to find out that ef lecoive resu.^- s 
are obcained by using an HGF gene as the gene and noninvasively infusing 



present invenrors round ou- -ha _ i- er-ec--ve zo _n_Ji=e --'c:r ge..^ 
the affec-ed parr of cardiac muscle optically usrng echo witnou_ 
Version of the affected part or onoracotomy. Srnoe th^s method is 
a nononvasive oreatment, rt is possible to administer the present 
gene repeatedly, according to the condooxon, and therefore ru is 
possible oo treat myocardiopathy efficiently. 

Present inventors newly discovered that effective rreatments 
can be done by infusrng genes to the affected part optically using 
echo and showed that the method of the present invention enables genetic 
treatment of various organ-specific disease. 

For example, in the case where the HGF gene is used, according 
to the present invention , it is possible to treat various organ-specific 
diseases like pulmonary fibrosis, cirrhosis, hepatic fibrosis and 
so on. Furthermore, genes other than the HGF gene are also effective 
in the method of the present invention above. 

Thus, the outline of the present invention is as follows: 

(1) a therapeutic agent for myocadiopathy used for noninvasive 
administration comprising a hepatocyte growth factor (HGF) gene as 
the effective ingredient; 

(2) the therapeutic agent of (1), which is used for administration 
of the HGF gene into the cardiac muscle; 

(3) the therapeutic agent of (1) or (2) , wherein the HGF gene is in 
the form of Sendai virus (KVJ) -liposome ; 

(4) the therapeutic agent of (2) or (3) , which is used for noninvasive 
administration to the affected part of the cardiac muscle under the 
usage of echo; 

(5) thetherapeuticagentof anyof (1) to (4) , which is to be adm.mistered 
at least 8 times, once a week; 

(6) the cherapeutic agent of any of (1) to (5) , wherein at least 10 
^ig of the HGF gene is used; 

(7) rhe therapeutic agent of any of (1) to (6), wherein the 
myocardiopathy is selected from the group consisting of cardiomyopathy , 
angina pecroris and heart failure; 

(3) a gene therapy agent used for noninvasive adminisoration or a 
gene into an affected part of a oissue under tne usage of echo, whicn 



comprises genes el 



ive for the oreaomenr of a disorder as tne 



(3) ~he gene rherapy agen- of (8) , wherein _he ar-ec._ed par ^ or me 
tissue is ihe cardiac muscie; 

(10) Che gene therapy agent of (8) or (9) , wherern ohe gene is an 
HGF gene ; 

(11) a method for gene therapy for myocardiopathy , which comprises 
the noninvasive administration of an HGF gene into the cardiac muscle 
of a mammal, including a human; 

(12) the method for gene therapy of (11) , wherein the HGF gene is 
in the form of Sendai virus ( HV J) - 1 ipos ome ; 

(13) the method for gene therapy of (11) 'or (12) , wherein the KGF 
gene is administered noninvas ively to a part of an affected cardiac 
muscle under the usage of echo ; 

(14) the method for gene therapy of any of (11) to (13) , wherein the 
HGF gene is administered at least 8 times, once per week; 

(15) the method for gene therapy of any of (11) to (14) , wherein the 
myocardiopathy is selected from the group consisting of cardiomyopathy , 
angina pectoris and heart failure; 

(16) a method for gene therapy, which comprises the noninvasive 
administration of genes effective for the treatment of a disorder 
into an affected part of a tissue under the usage of echo; 

(17) the method for gene therapy of (16) , wherein the affected tissue 
is the cardiac muscle; 

(18) the method for gene therapy of (16) or (17), wherein the gene 
is an HGF gene; 

(19) use of an HGF gene for the production of a therapeutic agent 
for myocardiopathy used for noninvasive administration; 

(20) the use of (19) , wherein the KGF gene is in the form of Sendai 
virus (HVJ) -1 iposome ; 

(21) the use of (19) or (20), wherein the therapeutic agent is a 
therapeutic agent used for the noninvasive administration of the KGF 
gene to an affected part :f the cardiac muscle under che usage of 

122) rhe use of any of (19) to (21) , wherein the myocardiopathy is 
selected from, the group consisting of cardiomyopathy, angina pectoris 



(23) use of a gene for rhe produc--on of a gene therapy agen. us^^ 
for one noninvasive adminisrraoion of genes ef fecoove ror one _rec.oraen^ 



f a disorder onfo an 
3 ho ; 



affecoed part: of a tissue under the usage or 



5 (24) the use of (23) , wherexn the affeoted tossue rs cardoac musole; 
and 

(25) the use of (i3) or (24), wherexn the gene rs an KGF gene. 

B rief Description of the Drawings 
10 figure 1 xs a graph showxng that gene transfer under usage of 

ec^o xs possible . It is proven by the hign acoivxty rate of luoif erase 

xn cardxomyopathy guxnea pxg, in whxch lucxferase as the reporter 

gene is xntroduced to the heart using HVJ . 

Figure 2 is a graph showing the result of a comparison between 
15 an HGF gene and a control by measurxng cardiac capillary vessel density 

by ALP (alkaline phosphatase) staining. 

Figure 3 is a graph showing the result of a comparison of the 

amount of cardiac bloodstream between an HGF gene group, a control 

group and a non-treated group by evaluatxon wxth a laser Doppler xmager 
20 (LDI) . 

Figure 4 xs a graph showing the result of a comparison of the 
dxstrxbution density of fibrosis of the heart by measurement usxng 
Masson staining. 

95 3est Mode for Carrying out the Invention 

^T^sed herein, "HGF gene" means a gene that can express HGF 
(the HGF protein) . Such genes include genes wxth deletxon of a part 
of the gene sequence , substitutxon by another base of the gene sequence , 
xnsertxon of other base sequence, or bxnding o f bases to the 5 ' termxnus 

30 and/o- 3' terminus, so long as the expressed polypeptxde thereof has 
substantxally the same effect as HGF . For example , HGF genes ^escrxbed 
in Nature 3 4 2:440(1989); Japanese Patent No,, 2777578; 
Biochem. 3iopnys . Res . Commun . -oJ.yb. v-^^-^ , 

Bxochem.Bxophys.Res.Zorroiun. 17 2:321(1990) are xncluded. These 
35 aenes can be used in the present inventxon . 

The base sequence of the HGF gene (the cDNA encodxng HGF) or 



-he presen- inver.hicr. has been described :Lr. -he above literature ana 
is also regrs-ered wi-h daoabases , such as Genbank . Thus, based on 
such sequence information, a suitable DNA portion is used as a PCR 
primer; for example, by performing an RT-PCR reaction on mRNA derived 
from> the liver or leukocytes , cDNA of KGF can be cloned. Such cloning 
can easily be performed by a person skilled rn the arr according to 
a basic textbook , such as Molecular Cloning 2nd Ed. , Cold Spring 
Harbor Laboratory Press (1989) . Modification and such of the KGF 
gene can be also readily done by a person skilled in the art according 
to the above basic textbook. 

Subsequently, methods of gene transfer, di:3sage forms, dose and 
the like for use in gene therapy of the present invention are explained . 

The dosage form of a gene therapy agent comprising the above 
gene as an effective ingredient to be administered to patients are 
roughly classified into two groups : one is the case in which a nonviral 
vector is used, and the other is in which a viral vector is used. 
Methods for preparation and administration thereof are explained in 
detail in experimental manuals (Supplement of Experimental Medicine, 
Basic Technology in gene therapy, Yodosha (1996) ; Supplement of 
Experimental Medicine, Experimental Methods in Gene Introduction and 
Expression Analysis, '/odosha (1997); Handbook for Development and 
Researchof Gene Therapy , Japan Society of Gene Therapy ed . , NTS (1999) ) . 
Specifics are explained below. 
A. Usage of a nonviral vector 

A recombinant expression vector, in which a gene of interest 
has been integrated into a commonly used gene expression vector, may 
be used to introduce the gene of interest into cells or tissue by 
the following method etc . 

Illustrative me-uhods of gene transfer into cellsinclude the 
lipofection method, calcium phosphate co-precipitation miethod, 
DEAE-dextran method , direct DNA introduction m.ethods using micro glass 
tubes, and the like. 

Regarding merhods of gene transfer inuo the uissue, tne 
recombinanu expression vector may be incorporaued inro the cell by 
subjecting it -o any metnod, such as the gene transfer method with 
internal type liposome, method of gene introduction with electrostatic 



-ype 1-posome, KVJ-lLposome raerhod, improved HV J- 1 ipc s ome me— oa 
{HVJ-AVE liposome merhod) , recepror-med^aoed gene ^r oduco^on meohod , 
method of introducing DNA molecules together with carriers (metal 
parr icles) by a particle gun , method of drrectly rnoroducing naked-DNA, 
method of introduction with positrvely-charged polymers and the like . 

Among them, the EVJ-liposome is a fusion product prepared by 
enclosing a DNA into a liposome made of lipid bilayer, which is fused 
to inactivated Sendai virus ( Hemagglutinating virus of Japan: HVJ) . 
The HVJ-lipo3ome method is characuer i zed by very high fusing activity 
with the cell membrane as compared to the conventional liposome method, 
and is a preferred mode of introduction. For the method of preparing 
HVJ-liposome, see, the literature for details (Separate volume of 
Experimental Medicine, Basic Technology in gene therapy, Yodosha 

(1996) . experimental Methods in Gene Introduction and Expression 
Analysis, Yodosha (1997); J . C 1 in . Inves t . 9 3:1458-1464(1994); 
Am. J.Physiol. 271 : R1212-1220 (1996)) and the like, and experimental 
examples described below for details. 

In particular, the Z strain (available from ATCC) is preferred 

as the HVJ strain, but other HVJ strains (for example, ATCC VR-907 

and ATCC VR-105) may also be used. 

Furthermore, the method of directly introducing naked-DNA is 

the mosr simple method among the methods describer above, and in this 

regard a preferred method of introduction. 

Expression vectors as used herein may be any expression vectors 

so long as they permit the In vivo expression of the gene of interest. 

Examples include expression vectors such as pCAGGS {Gene 

108:193-200(1991)), pBK-CMV, pcDNA3 . 1 , pZeoSV (Invitrogen, 

Stratagene) and the like. 

B . Usage of a viral vector 

F.epresentative methods that use viral ve cto rs include those using 

viral vectors such as recombinant adenovirus , retrovirus ; 



; and the like . 



More specifically, the gene of interest 



be introduced into a DNA 



such as detoxified retrovirus, adenovirus, adeno-associ; 
herpes virus, vaccinia virus, poxvirus, poliovirus. Sine 
Sendai virus, SV40 , human immunodeficiency virus (HIV) 



Among ~he above vxral vecrc^rs, -he efficiency cr cniectcon o_ 
adenovirus is known co be much higher than rhat of ooher viral vectors . 
-bis re'^ard, it is preferred to use an adenovirus vector system. 
As methods cf rncroducing a gene therapy agent cnto a patient, 
there are in vivo methods, which permit direct introduction of the 
gene therapy agent into the body, and ex vivo methods, rn which certain 
cells are removed from human, to which the gene therapy agent is 
introduced and which are returned into the body thereafter (Nikkei 
Science, April 1994 issue pp. 20-24; Monthly Yakuji, 36(1): 23-48 
(1994) ; Supplement To Experimental Medicine 12(15) (1994) ; Handbook 
for Development and Research of Gene Therapy , NTS (1999)) . According 
to the present invention, the in vi\ro method is preferred. 

Dosage forms may take various forms according to various 
administration regimens described above (for example, liquids) . 
When, for example, an injection containing the gene as an effective 
ingredient is to be used, said inj ection may be prepared by dissolving 
the effective ingredient ( s ) into a standard solvent (a buffer such 
as PBS, physiological saline, sterile water, etc.). The injection 
liquid may then be filter-sterilized with filter as needed and then 
filled into sterilized containers. Conventional carriers and so on 
may be added to the injection. Liposomes, such as HVJ-1 iposome , may 
take the form of suspensions, frozen formulations, 

centrif ugation-concentrated frozen formulations, and the like. 

In addition to the HGF gene introduced in this invention, it 
is possible to use endogenous cardiac muscle protective factors or 
regeneration factors against cardiac muscle. For example, it is 
reported that factors, such as TGF-p and heat shock protein (HSP) 
expressed highly during damage of the cardiac muscle, reduce 
myocardiopathy and are engaged rn the repair of cardiac muscle. 
Therefore, it is possible to use the genes encoding them. Moreover, 



:ors, such as SGF, are reported to repair cell damage 
i cus tissu 



growtn ractors, sucn as ti^^i: , c 

s and genes encoding them can be also used. In adaction 
CO tnese cardiac muscle protective factors and regeneration f acoors , 
factors related to protection and regeneration of the cardiac musc_es 
can be utilized. 



According zo rhe inven-^on, is pcssible -o delcver _he pro.ein 
of inrereso to damaged cells, such as cardiac muscle cells, by 
iniroducir.g an HGF gene, alone or together with other genes, ro tne 
card-ac muscle cell of the heart and highly expressing them. Thrs 
enables accrvation of reparr and regeneratron of -he damaged cardiac 
muscle and such, and recuperacron of the cardrac function involved 
xn myocardiopathy. Hence, tne gene therapy agent of this invention 
can be applied to patients with crxtical cardiomyopathy, and offers 
remedy for patients for whom no options, other than heart 
transplantation, are lef^. 

Moreover, the therapeutic agent of this invention can be applied 
not only to patients with severe cardiomyopathy but also to patients 
with progressive mild cardiomyopathy. It is applicable to patients 
of myocardiopathy-like angina pectoris and heart failure as well. 

Proper methods and sites for administration adequate for the 
disease or symptom to be treated are selected for the gene therapy 
agent of this invention . Cardiac muscle (affected part of the cardiac 
muscle) is a preferable administration site . As to the administration 
methods, parenteral administration methods are preferred. 

Examples of parenteral administration methods include 
administration by noninvasive catheter, noninvasive injector and so 
on. More preferred are administration methods which utilize 

noninvasive catheter, noninvasive injector and such under the usage 
of echo . As a method using noninvasive catheter , for example , methods 
like injecting HGF genes directly can be indicated. 

Dosage of the therapeutic agent of this invention varies 
depending on the symptoms of the patient but HGF genes 0.0001 mg -o 
lOOmg , preferably about 0 . 0 0 1 to 1 0 mg per adult patients can be defined . 

When the HVJ-liposome form is chosen, HGF genes of a range of 
about 1 -_o about 4000 ^g , preferably about 10 to about 400 ^ig per adult 
patient is selected. 

The therapeuoic agent of this invention is suited for 

-c^ur -i^vR r eve"'\' few weeks, ana 
adminis- rarion once every ^.e'A aays ^- ^vc_v 

adminis::ra-ion once per week is preferred. 

Frequency of administration is to be selec-ed depending on che 



zre&'z:v.er-~ , plural admin^s" ration is suitable, and prereraD_y 
adminisnrarion of B r^raes can be ^ndica-ed. 

"ur-her to the present invention, a new gene therapy method and 



therapeuti o agent use 



including noninvas ive adm^inist 



of therapeutically effective gene for the treatment of the disorder 
to the affected tissue site under the usage of echo, rs presented. 
That -s , it was revealed for the first trme that effect-ve treatments 
can be achieved visually by administering directly the gene to the 
affected tissue under the usage of echo . According to the therapeutic 
treatment of the invention, genes are administered noninvas ively and 
therefore desired genes can be administered as much as the condition 
demands, wnich is advantageous as compared to former methods. Gene 
therapy methods of this invention can be applied to any genes, in 
addition to HGF gene. This gene therapy method of the invention is 
particularly effective when applied to the affected site of cardiac 
muscle. Genes administered in such situations include the HGF gene, 
TGF-P gene, HSP gene, VEGF gene, FGF gene, EGF gene and so on. 

The present invention will now be specifically explained with 
reference to the following examples. It should be noted, however, 
that the present invention is not limited by these examples in any 
way . 

Materials and Methods 
Experimental Animals 

Hamster model for cardiomyopathy (cardiomyopathy hamster; 
Biol4.6) was purchased from Oriental Yeast. 
HGF gene 

Human HGF gene was cloned from human HGF cDNA (Japanese Patent 
No. 2777678) according to a conventional method and was inserted into 
the expression vector pcDNA (Invitrogen) . 
Experimenta] 



Procedure 



lucif erase was introduced into the cardiomyopathy 



3r by KVJ liposome under the usage of echo. A week ia_er, 



1 . P.eporter gene 
hamst 

ac-ivity of the lucif erase was measured. Animals into which PBS 
introduced alone under the usage of echo were used as the conrr 



LamacLSgSO" {3ERTH0L0) ) . 

"^'"ife'dyr ^he usage of ecnocardxogram (MCSOO, YOKOfCAWA-GE) , 



iposome 



ir.-ec-ed int:c the abdominal la-erd carOi. 



muscle Of rr.e hear- of myocard^opathy hamster (12 weeks old) ana was 
5 subjected C3 following investigations: 

1) Density of blood capillary in the cardrac muscle was measured by 
ALP (alkaline phosphatase) staining and the result of tne HGF gene 
was compared to that of the control. 

2) Bloodstream of the heart to which HVJ-liposome was administered 
10 was evaluated by laser Doppler imager (LDI) score and the result of 

uhe KGF gene was compared to that of the control. 

3) After Masson staining of the cardiac muscle, distribution density 
3f fibrosis was measured by computer analysis. Result of the HGF 
gene was compared to that of the control. 

15 

Reference 1 

Preparation of HVJ-lrposome agent 

10 mg Dried lipid (a 1:4.8:2 mixture of phosphatidyl serine, 
phosphatidyl choline and cholesterol) and 200 ^1 balanced salt solution 

20 (137 HM NaCl, 5 . 4 KCl , 10 [m Tris-HCl ; pK7.6) containing HGF gene 
(100 l^g) -KMGl (high mobility group 1 nuclear protein, 25 fig) was mixed 
and ,by stirring vigorously with ul trasonication , liposomes were 
formed. Purified Sendai virus (Z strain) was irradiated with UV 
(llOerg/mmVsec) for 3 minutes. Liposome suspension was mixed with 

25 Sendai virus (HVJ), heated at 4 ° C for 10 minutes, and then heated 
at 37 °C for 30 minutes. Free HVJ was discarded and thus obtained 
HVJ liposome agent. 

F.eference 2 
30 Measurement on luciferase activity 

Liposome agent with 10 \lg of luciferase gene was administered 
to hamsters (6 animals per group) . A week later, luciferase acrivity 
was measured. Resulrs are shown in Figure 1. 

As shown in Figure 1, high levels of luciferase activioy were 
35 exhibited in the heart. Thus, ic was revealed rhao gene zransrer 
under the usage of echo is possible. 



Experiment i 

Treatment of myocard-opathy hamster w i-h HGF gene 

Lucif erase agent was inj ected into the abdominal lateral cardiac 
m.uscle cf the heart of myocardr opathy hamsters (12 weeks old, 6 antmals 
per group) . A group of myoc ardr opathy hamsters (12 weeks old, 6 
animals per group) to which liposome agent containing control vectors 
was rni ected in the same manner was used as the control and untreated 
myocardropathy hamsters (6 animals per group) were used as the untreated 
group . Then Irposome agents were inj ected once each week for 8 trmes . 
8 weeks later, density of blood capxllary'in the cardiac muscle of 
the heart of the 20 week old myocardiopathy hamsters was measured 
by ALP staining, and bloodf low was evaluated by the LDI score. After 
euthanization of the hamsters, the heart was extirpated and after 
Masson staining, distribution density of fibrosis was measured by 
computer analysis. 

ALP staining revealed significant rise in blood capillary by 
angiogenesis in HGF gene treatment group. The results are shown in 
Figure 2 . 

Concerning LDI score, taking the control group as 100%, the HGF 
gene treatment group was 163±7% , which indicates significant increase 
in bloodf low. The results are shown in Figure 3. 

According to the analysis of Masson staining, significant 
decrease in distribution density of fibrosis was observed in HGF gene 
treatment group. The results are shown in Figure 4. 

Industrial Applicability 

Therapeutic agents for myocardiopathy comprising an HGF gene 
of this invention induce angiogenesis of the affected part of cardiac 
muscle, increase bloodf low of the affected part while repressing and 
reducing fibrosis of the cardiac muscle it can repair the cardiac 
function. Moreover, therapeutic agents of this invention can be 
injected noninvas ively and accurately to the affected cardiac muscle 
layer visually under the usage of echo . Therefore , therapeutic agents 
of the invention enable more effective treatment of myocardiopathy. 



